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About the Indiana Climate Change Impacts Assessment
Led by the Purdue Climate Change Research Center, the Indiana Climate Change Impacts
Assessment (IN CCIA) is a statewide effort that brings together the best available research into
a series of reports that will help Hoosiers understand climate change-related risks so they can
prepare for challenges and capitalize on opportunities. The IN CCIA reports include
contributions from over 100 experts across Indiana on topics including agriculture,
ecosystems, energy, human health, infrastructure, tourism and recreation, and water
resources. For more information please visit www.IndianaClimate.org.
	
  

About the Purdue Climate Change Research Center
The Purdue Climate Change Research
Center is a faculty-led center working
to understand the impacts of climate
change and to develop novel
solutions to help reduce emissions
and ensure people are prepared for
the future. The center strives to be a
trusted source of science-based
information for decision-makers in the
Indiana and beyond.

ESTABLISHED IN 2004
Broad-based support from academic and
administrative units at Purdue

INTERDISCIPLINARY
80+ faculty representing 22 departments

NON-PARTISAN
Objective, science-based information

COLLABORATIVE
Partnerships with schools, NGOs, businesses,
government agencies, farmers
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Indiana’s Climate Trends
Key Findings:
•   Precipitation is increasing – with a 5.6” increase in annual precipitation since 1895.
o   Precipitation rose in all four seasons, with the largest increase in summer and
the smallest increase in winter.
o   Heavy rainfall events are increasing in both intensity and frequency.
•   Temperatures are rising – with 1.2°F of warming observed since 1895.
o   The strongest warming signal has occurred in the spring, with no change in
average temperature during summer (trend from 1895 to 2016).
o   The rate of warming has accelerated in recent decades, annually and in all four
seasons (trend from 1960 to 2016).
•   Indiana has seen a decline in the occurrence of extremely cold temperatures in recent
decades (trend from 1960 to 2013), with no trend over the full period of record (1915
to 2013).
•   The occurrence of extreme heat shows no change in recent decades (trend from 1960
to 2013), with an overall decline in extreme heat over the full period of record (1915 to
2013).
•   The frost-free season has lengthened by 9 days since 1895, with the majority of this
change happening in the spring.
•   Dew point, a measure of atmospheric humidity, has been increasing during the warm
season (May to September) although warm season heat index values (the combined
effect of temperature and humidity) have shown no change.

Precipitation
Statewide, annual precipitation has increased 5.6” from 1895 to 2016 (0.46”/decade), based
on a linear trend (Figure 1). Additionally, the rate at which annual precipitation is changing
has accelerated, from 0.32”/decade from 1895 to 1959, to 1.33”/decade from 1960 to 2016
(Figure 1). Increasing rainfall amounts have been observed in each of the four seasons. Since
1895, precipitation has increased in every season with an acceleration in the rate of change
since the 1960s. Statewide, the rate of change in seasonal precipitation from 1895 to 2016 is
as follows: Winter, 0.03”/decade; Spring, 0.13”/decade; Summer, 0.19”/decade; Fall,
0.11”/decade.
There are variations in precipitation trends across Indiana, both annually and seasonally.
Figure 2 shows the locations of Indiana’s nine climate divisions. Annually, all climate divisions
show large increases in annual precipitation totals since 1895, with the more southerly
climate divisions measuring the largest increases in the state (Figure 3). Seasonally, all climate
divisions show increasing precipitation trends in spring, summer, and fall with different
spatial patterns emerging for each season (Table 1). Spring and fall have the smallest
precipitation increases in the north and the largest increases in the south. The pattern is
reversed in the summer where the largest precipitation increases are in the north and west
and lowest rates are in the east and south. Winter precipitation shows no trend in the south
and modest increasing amounts in the central and northern portions of the state.
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Figure 1: Statewide annual total precipitation for Indiana from 1895 to 2016. Black solid line shows the
increasing trend in annual precipitation (0.46”/decade) for the period of record (1895 to 2016). The red
dotted line shows the precipitation trend since 1960 (1.33”/decade). Data are from the NOAA Climate At A
Glance Database, accessed October 2017, https://www.ncdc.noaa.gov/cag/. Data are further described in
Vose et al., 2014.

Figure 2: Locations of climate divisions in Indiana. A climate division is
a grouping of counties with generally similar temperature and
precipitation characteristics from which long-term climate statistics
are calculated. Nationally, there are 344 climate divisions. Indiana has
nine such divisions.
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Figure 3: Total increase in annual precipitation (left) and the per decade trend in annual precipitation
(right) for each climate division based on a linear trend from 1895 to 2016. Data are from the NOAA Climate
At A Glance Database, accessed October 2017, https://www.ncdc.noaa.gov/cag/.

Table 1: Seasonal precipitation trends for Indiana’s nine climate divisions are shown. Data show the change
in precipitation (inches) per decade. Positive values indicate increasing precipitation and negative values
indicate decreasing precipitation. Zero indicates no trend. Data are from the NOAA Climate At A Glance
Database, accessed October 2017, https://www.ncdc.noaa.gov/cag/.
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Extreme Precipitation
It is not just the total amount of annual precipitation that is changing. Heavy rainfall events
are also occurring more frequently. Heavy downpours contribute to increased soil erosion
and nutrient runoff on agricultural land. Heavier precipitation totals can overwhelm waste
water systems, leading to combined sewer overflow events and subsequent water quality
issues. Historical records show that across Indiana, the number of extreme precipitation days
(i.e., days with precipitation amounts greater than or equal to the 99th percentile for 1900 to
2016) have increased by 0.2 days per decade from 1900 to 2016 based on a linear trend.
Statewide, the 1900 to 2016 period’s 99th percentile was defined as 0.86” (99% of statewide
average daily precipitation events are smaller than this value). The majority of the change has
occurred since 1990 as seen in Figure 4. Spatially, there are differences regarding the change
in the number of extreme precipitation days where climate division 1 (northwest Indiana)
increased 0.35 days/decade while climate division 4 (west-central Indiana) only increased 0.16
days/decade (Figure 5). When analyzed annually, the 99th percentile value of daily
precipitation amount has increased by 0.02 in/decade (0.2 in/century) during the 1900 to
2016 period statewide, revealing that the intensity of extreme precipitation has increased as
well as the number of events.

More Frequent Extreme Precipitation Events in Indiana
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Figure 4: The number of days with precipitation events that exceed the 1900 to 2016 period’s 99th percentile
for Indiana. The black line represents the trend line (0.2 days/decade) for the 1900 to 2016 period. (Source:
Midwestern Regional Climate Center)
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Figure 5: Positive linear trend in extreme precipitation for the
1900 to 2016 period. Values show the number of days per
decade where precipitation totals exceed the 99th percentile by
climate division. (Source: Midwestern Regional Climate Center)

Temperature
Statewide, annual average temperature has increased about 1.2°F (0.1°F per decade) from
1895 to 2016, based on a linear trend (Figure 6). Seasonally, average temperatures rose 0.1°F
per decade since 1895 during winter and fall, and 0.2°F per decade in spring. No detectable
trend was present during summer over the full period of record. However, in the latter half of
the record (since 1960), all four seasons showed increasing temperatures at a higher rate of
change compared to the full record, with the largest warming in the winter (0.7°F per
decade).
Trends in average temperature for each climate division generally show slightly more
warming in the northern portions of the state compared to the central and southern portions
of the state in each season (Table 2). Similar to statewide temperatures, the rate of change of
seasonal temperatures across all climate divisions accelerated in the latter portion of the
record (Table 2).
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Figure 6: Statewide annual average temperature for Indiana from 1895 to 2016 is shown in red. The black
solid line shows the increasing trend in annual temperature (0.1°F/decade) for the period of record (1895 to
2016). The black dotted line shows the temperature trend since 1960 (0.4°F”/decade). Data are from the
NOAA Climate At A Glance Database, accessed October 2017, https://www.ncdc.noaa.gov/cag/. Data are
further described in Vose et al., 2014.

Table 2: Seasonal average temperature trends for Indiana’s nine climate divisions are shown for the full
period of record (left) and since 1960 (right). Data show the change in average annual temperature (°F) per
decade. Positive values indicate increasing temperatures and negative values indicate decreasing
temperatures. Zero indicates no trend. Data are from the NOAA Climate At A Glance Database, accessed
October 2017, https://www.ncdc.noaa.gov/cag/.
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Statewide, minimum temperatures increased annually by 0.2°F per decade from 1895 to
2016, with increases of 0.1°F-0.2°F per decade in all four seasons (winter 0.2°F per decade,
spring 0.2°F per decade, summer 0.1°F per decade, fall 0.1°F per decade). Since 1960, the rate
of warming has increased annually to 0.5°F per decade, with seasonal rates of change
measuring from 0.3°F per decade in the fall to 0.8°F per decade in the winter (spring and
summer both showing 0.5°F per decade increase).
Maximum temperatures showed no trend annually across the full period of record (1895 to
2016), with distinct seasonal patterns. Maximum temperatures from 1895 to 2016 increased
during the winter and spring (0.1°F per decade), decreased during the summer (-0.1°F per
decade) and showed no trend in the fall. Since 1960, increased warming trends are observed
annually (0.3°F/decade) and in all four seasons. From 1960 to 2016 the rate of change in
seasonal maximum temperature is as follows: Winter, 0.5°F/decade; Spring, 0.6°F/decade;
Summer, 0.1°F/decade; Fall, 0.2°F/decade.

Heating and Cooling Degree Days
A “degree day” is a temperature-based indicator that measures how warm or cold a location is
compared to a baseline temperature, and it can be used as a rough estimate for indoor
heating or cooling demand (EIA, 2017). In this analysis, when the daily average temperature is
below 68°F, heating degree days (HDD) are accumulated. When the daily average temperature
is above 75°F, cooling degree days (CDD) are accumulated. Higher HDD indicates a colder day,
and higher CDD indicates a warmer day. For example, a day with an average temperature of
79°F would count as 4 CDD, whereas a day with an average temperature of 55°F would count
as 13 HDD. The daily accumulated HDD and CDD are tallied to find the annual total.
Statewide annual average HDD and CDD data from 1950 to 2016 were provided by the
Midwestern Regional Climate Center. Analysis of these data showed no trend over this period
for either variable.

Temperature Extremes
Cold extremes
From 1915 to 2013, no trend was identified in low temperature extremes such as the number
of days with a daily minimum temperature below 5°F (“cold days”—Figure 9) or the number
of days with a daily minimum temperature below 32°F (“frost days”—Figure 10). However, in
the more recent period from 1960 to 2013, there were 9 fewer cold days (Tmin < 5°F ) per year
and 8 fewer frost days (Tmin < 32°F) per year. The decline in the frequency and intensity of
statewide low temperature extremes in recent decades is evident in the northward migration
of the USDA Plant Hardiness Zones, which	
  are	
  derived	
  from	
  average	
  winter	
  extreme	
  minimum	
  
temperatures and indicate the suitability of plant species to thrive in a given location (Figure
11). Lower numbers indicate colder climates, while higher numbers indicate warmer climates.
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Figure 9: Average across Indiana of the number of days per year when the minimum temperature is less
than 5 °F (blue line). The linear trend over the period of record from 1915 to 2013 is shown in green and the
linear trend since 1960 is shown in red. Data are from Chiu et al. (in review).

Figure 10: Average across Indiana of the number of days per year when the minimum temperature is less
than 32 °F (blue line). The linear trend over the period of record from 1915 to 2013 is shown in green and the
linear trend since 1960 is shown in red. Data are from Chiu et al. (in review).
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Figure 11. Plant Hardiness Zones, 1990 and 2015. Images from USDA and Arbor Day Foundation.

Figure 12: Average across Indiana of the number of days per year when the maximum temperature is less
than 32 °F (blue line). The linear trend over the period of record from 1915 to 2013 is shown in green and the
linear trend since 1960 is shown in red. Data are from Chiu et al. (in review).

From 1915 to 2013, there was an increasing trend in the number of days per year when the
daily high temperatures remained below 32 °F (“icing days” —Figure 12), with a total annual
increase of about 6 days. The trend in icing days (Tmax<32°F) from 1960 to 2015 shows a
decline of about 1 day over this period.
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Warm extremes
From 1915 to 2013, the number of days per year with daytime high temperatures above 90°F
have been declining while the recent period from 1960 to 2013 shows no change (Figure 13).
The statewide average number of days with Tmax > 90°F from 1960 to 2013 is 15 days per
year. Therefore, despite overall warmer conditions during autumn, winter, and spring, there
has been little change in summer temperatures and associated extremes. There is evidence
that the lack of warming in summer temperatures – and in extremely high summer
temperatures in particular – may be related to the increase in cropland intensification and
irrigation across the Midwest during the 20th century (Mueller et al., 2016).
From 1915 to 2013, the average across Indiana of the number of days per year with overnight
low temperatures above 68°F have shown no trend while the recent period from 1960 to 2013
shows an increasing trend (Figure 14).

Figure 13: Average across Indiana of the number of days per year when the maximum temperature is above
90°F (blue line). The linear trend over the period of record from 1915 to 2013 is shown in green and the
linear trend since 1960 is shown in red. Data are from Chiu et al. (in review).
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Figure 14: Average across Indiana of the number of days per year when the minimum temperature is above
68°F (blue line). The linear trend over the period of record from 1915 to 2013 is shown in green and the
linear trend since 1960 is shown in red. Data are from Chiu et al. (in review).

Frost-free Season
Statewide, the frost-free season (defined as the time between the last 32°F spring freeze and
the first 32°F fall freeze) has lengthened by about 9 days from 1915 to 2013
(0.94 days/decade), with the last spring freeze occurring about 8 days earlier
(-0.85 days/decade) and the first fall freeze occurring about 1 day later (0.09 days/decade).
From 1960 to 2013, the rate of change in frost-free season length accelerated with a
lengthening of more than two weeks (3 days/decade), with much of the extension occurring
in the spring (-2.3 days/decade).
The change in the length of the frost-free season (days/decade) for each climate division is
displayed in Figure 15. An extended frost-free season can increase the productivity of food
crops and reduce heating demands. However, it also negatively affects human health by
extending the allergy season and it disrupts species interactions and the timing of biological
events (such as migration patterns, flower blooms, etc.).
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Figure 15: Positive linear trend per decade in the length of the
length of the frost free season by Indiana climate division for
the 1915 to 2013 period. Data are from Chiu et al. (in review).

Atmospheric Moisture
The amount of moisture in the air (i.e., humidity) during periods of warm temperatures affects
the ability of humans and animals to cool themselves. Increases in humidity in conjunction
with higher temperature, leads to more oppressive conditions, which can increase heat stress
and related deaths. At stations located across Indiana, the warm season (May to September)
average dew-point temperature - a measure of humidity - has increased during the 1973 to
2016 period based on a linear trend (Figure 16). South Bend experienced the smallest change,
a 0.18°F per decade increase, while Fort Wayne had the largest, a 0.73°F per decade increase.
Lafayette (0.62°F/decade), Evansville (0.59°F/decade), and Cincinnati, OH (0.58°F/decade) had
similar changes to Fort Wayne, while the trend in Indianapolis (0.22°F/decade) was
comparable to South Bend. Possible reasons for the differences seen at South Bend and
Indianapolis compared to other locations throughout the state may be due to South Bend’s
location relative to Lake Michigan or because the station located in Indianapolis is in a more
urban area compared to other sites. The reasons for these temperature trend differences
cannot be determined definitively without looking at more sites in surrounding areas.
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Figure 16: The May to September average dew-point for 1973 to 2016 at stations in and near Indiana. The
dashed green line represents the linear trend line for the time series. The per decade trend is calculated from
this line by taking the change per year (the slope) and multiplying by 10. (Source: Midwestern Regional
Climate Center)

Heat Index
The heat index is a calculated “apparent” value that is used to describe what the air
temperature feels like to a human (due to modified rates of evaporation from the skin) when
atmospheric moisture is considered. Air temperature and dew-point temperature are both
used in the calculation of the heat index. While the average air temperature and average
warm season dew-point temperature have both increased across Indiana, the number of
warm season (May to September) days that the heat index equaled or exceeded the 1973 to
2016 period's 95th percentile does not show a trend for the period 1973 to 2016 (Figure 17).
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This suggests that days with increased dew point temperatures did not always coincide with
extreme temperature days, offsetting the risk for a high heat index day. At all stations
considered, the 1990 to 2000 period experienced a lower number of 95th percentile heat
index exceedance days, but the number of days since then is similar to the 1973 to 1989
period.

Figure 17: Time series for the number of days in May to September with a heat index that equaled or
exceeded the 1973 to 2016 period’s 95th percentile at stations across and near Indiana. The dashed red line
shows a 9-year moving average. (Source: Midwestern Regional Climate Center)
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Blizzards
The U.S. National Weather Service (NWS) defines blizzards as extreme winter storms with wind
speeds over 35 miles per hour (16 meters per second) coupled with falling or blowing snow
that reduces visibility to less than a quarter of a mile (400 meters) for three hours or more. In
comparison with the northern Great Plains and coastal New England, Indiana has a low
frequency of blizzard occurrence and a limited blizzard season. Storm Data reports 13
blizzard events statewide between the 1959/60 and 2015/16 winter seasons, with all events
occurring in December, January or February. Indiana shows two distinct periods of blizzard
activity: 1) a low-frequency period from 1977 to 1996 in which only six blizzards (all in
January) occurred; and 2) a high-frequency period from 2007 to 2016 in which seven blizzards
occurred.
Figure 18 shows the average number of blizzards by climate division between the 1959/60 to
2015/16 winter seasons. The average number and frequency of blizzard events generally
decreases from north to south. The northern climate divisions (1-3) show the highest blizzard
average number of blizzards for the period, recording an average between 4.4 and 6.0
blizzards. Three north-central counties (LaPorte, Starke, and St. Joseph) have the highest
blizzard counts for the state (n = 7), a region prone to lake-effect snowfall and Alberta clippertype mid-latitude cyclones.

Figure 18: Average number of blizzards by climate division
between the 1959/60 to 2015/16 winter seasons. Data compiled
from the monthly NOAA Storm Data publication.

Tornadoes
Tornadoes have been observed in every month of the year across the entire state of Indiana,
although they occur most frequently during the spring (April to June). Historical accounts of
tornado events across the state reach back as far as early settlements, but long-term trends in
tornado occurrence are difficult to analyze since systematic collection of tornado reports only
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covers the past ~60 years. Tornadoes are rated based on the damage they produce using the
Enhanced Fujita (EF) scale between EF0 (weak) and EF5 (violent), where EF0 tornadoes
produce minor damage to trees and building and EF5 tornadoes causing total destruction of
well-built structures. Recent advances in radar observation capability and public awareness of
these events has led to an increase in the number of EF0 tornado reports over the past two
decades, which further complicates the analysis of trends in the historical record. Limiting the
analysis to tornadoes rated EF1 or greater during the 1961-2016 period, Indiana reports 15
such events per year on average. As shown in Figure 19, there is considerable year-to-year
variability in the annual tornado count. However, there is no statistically significant trend in
the number of EF1-EF5 tornadoes reported per year.

Figure 19: Annual number of tornadoes reported in Indiana that were rated EF1 or greater (1961 to
2016). Source: http://www.spc.noaa.gov/wcm/data/1950-2016_all_tornadoes.csv
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